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Abstract−A recycling preparative HPLC was used to extract and separate the eupatilin contained in Artemisia princeps

PAMPAN, and the optimum operating condition was experimentally determined. Eupatilin was extracted by ethanol

solvent from the leaf and trunk of Artemisia princeps PAMPAN. The resulting solution was further partitioned with

n-hexane, chloroform and ethyl acetate. The solution containing eupatilin was collected using a preparative as well

as analytical column, and it was identified by LC-CE-MS. In the experiment, the mobile phase consisted of water/aceto-

nitrile/TFA=50/50/0.5 (vol%), and UV wavelength measured was 370 nm. For analytical chromatography, the injection

volume was 20 µL and the flow rate was fixed at 1.0 mL/min. The measured retention time for eupatilin was approxi-

mately 8.6 min in the above operating condition. For recycling preparative HPLC with commercially available GSA

310A column at 1.5 mL/min of the flow rate and 2 mL of injection volume, the purity of the eupatilin was almost 100%

after recycling twice.
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INTRODUCTION

The availability and stability of medicines has become more im-

portant with the concern for increasing a patient’s lifespan. Devel-

oped countries have validated the economic merits of using both

the crude plants and new function materials from these plants all

over the world. The crude plant extracts are relatively important

for the development of new medicines as a basis resource. There-

fore, it has become more important to investigate how to extract

the active material from crude plants.

Artemisia is herb that includes many useful compounds, and there

are more than 400 classes of artemisia worldwide. In Korea alone,

almost 40 classes of artemisia have been reported [Lee, 1975]. Pre-

vious studies revealed that Artemisia asiatica, a medicinal plant that

is widely used in traditional oriental medicine, has strong anti-inflam-

matory/antioxidative activity [Seo et al., 1999; Ahn et al., 1997; Lee

et al., in press; Oh et al., 1997] and also induces apoptosis in cultured

cells [Seo et al., 1999; Hahm et al., 1998]. Artemisia is classified

as follows: plants only used for food, plants only used for medicine

or a combination of both for food and medicine. Artemisia con-

tains various enzymes, chloroplasts, dietary fiber, protein, good qual-

ity minerals and various vitamins [Koshihara et al., 1983]. It is not

only a strongly alkaline food for improving the basic physical con-

stitution and cleaning the blood, but also a medicine for ending dis-

harmony in the body, helping promote digestion, as well as oppress-

ing and excreting harmful materials. There is an abundance of vita-

mins A and C in artemisia, which can improve the energy balance

and prevent colds. The eupatilin in the artemisia can control the muta-

tion of the plants and is involved in the increase and decrease in

blood sugar [Seo et al., 2001]. It was recently reported that the stom-

ach protection action of eupatilin is approximately 3.5 times stron-

ger than cimetidine and it has a gastric ulcer effect when injected

into white mice [Kim et al., 1997]. The chemical name of eupatilin

is 5,7-dihydroxy-3,4,6-trimethoxyflavone. The chemical structure of

eupatilin is shown in Fig. 1. Eupatilin has been reported to inhibit

the activity of 5-lipoxygenase in cultured mastocytoma cells [Koshi-

hara et al., 1983].

As high performance liquid chromatography (HPLC) is widely

used as a standard analytical instrument, a number of stationary phases

are commercially available [Lee et al., 1996]. In a chromatographic

column, materials injected are separated based on their differences

in the retention with stationary phase [Choi et al., 2004]. HPLC is

used for separation, purification, collection of the single component,

qualitative and quantitative analysis by adsorption effect, division

effect, ion exchange effect, and an exclusion effect when the mobile

Fig. 1. Chemical structure of eupatilin.
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phase is through the solid phase. The recycling of preparative HPLC

has an additional recycling effect compared with normal analytical

HPLC [Hong et al., 2004]. This effect can increase the resolution

of an extraction material. Recycling preparative HPLC uses a larger

column than analytical HPLC. In this study, eupatilin was extracted

from the Artemisia princeps PAMPAN by recycling preparative

HPLC. A qualitative analysis of the useful component collected

from the peak was carried out by LC-CE-MS.

EXPERIMENT

1. Materials

Artemisia princeps PAMPAN was purchased from the Kyung

Dong market in Korea. TFA (trifluoroacetic acid) was from Sigma

(St Louis, MO, USA). Acetonitrile, ethanol, hexane, chloroform

and ethyl acetate were all of HPLC grade and purchased from the

Duksan Chemical Co. LTD. (Ansan, Korea). Double distilled water

was filtered through a 0.45µm filter membrane prior to use.

2. Instrument

The HPLC system used was a Waters 600s Multisolvent Deliv-

ery System and Waters 616 liquid chromatography (Waters Asso-

ciates, Milford, MA, U.S.A.) with Rheodyne injector (20µL sample

loop). Millennium 3.2 (Waters, Milford, MA, U.S.A.) was used for

the data acquisition system. The mobile phase was a mixture of water/

acetonitrile/TFA=50/50/0.5 (vol%), the UV wavelength was 370 nm.

The preparative column (3.9×300 mm, 15µm) used was C18 (Lichro-

spher, Merck, Germany), and the analytical column (4.6×250 mm,

5µm) used was C18 (RS-tech Co. LTD., Korea). The recycling pre-

parative HPLC system used was LC-908-G30 (JAI, Japan Analyti-

cal Industry Co., LTD). The column was a GS310A column (6.3×

500 mm, multi method, 3-10µm JAI, Japan). The UV and RI de-

tector were JAI UV 3702 and JAI RI RI-5, respectively. Multichro

2000 V4.2 (JAI, Japan), was used in the data acquisition system

for recycling preparative HPLC. The flow rate and injection volume

for the recycling preparative HPLC were 1.5 mL/min and 2 mL,

respectively. The qualitative analysis of the eupatilin used LC-CE-

MS (Liquid Chromatography-Capillary Electrophoresis-Mass Spec-

trometer), HP-1100 HPLC, HP-3D Capillary Electrophoresis, and

UATTRO LC Triple Quadrupole Tandem Mass Spectrometer.

3. Extract

Two grams of Artemisia princeps PAMPAN dissolved in 60 mL

of 100% ethanol was extracted by supersonic at 25 oC for 30 min.

After the extracted solution was filtered, 60 mL of water was added

to the solution, and the solution was then concentrated to 30 mL

by using a rotary evaporator. The resulting solution was further par-

titioned with 30 mL of n-hexane. The solution was separated into a

hexane and a water layer. Then water layer was then added equal

amount of chloroform. Finally, the partitioned water layer was added

to 30 mL ethyl acetate. The solution collected by this method then

was injected into the preparative column.

4. Analytical

A mixture of water, acetonitrile and TFA was used as the mobile

phase, and the flow rate was 1.0 mL/min. The UV wavelength was

370 nm. After 20µL of the solution passed through the preparative

column, useful components from artemisia were collected. These

solutions were then injected into an analytical column and two peaks

were obtained. The solutions collected from the two peaks were

identified by LC-CE-MS. When the recycling preparative HPLC

was used, the collected component from the preparative chroma-

tography was separated into two peaks. The second peak was re-

cycled two times and it was further separated into two peaks. The

resulting two peaks were collected and then were injected into the

analytical chromatograph for identification.

RESULTS AND DISCUSSION

1. Extract

In this study, 100% ethanol was used to extract the eupatilin from

the Artemisia princeps PAMPAN by supersonic at 25 oC for 30 min.

This is because the polarity of ethanol is 5.2. It can dissolve many

Fig. 2. Extraction steps for separating eupatilin from the Artemi-
sia princeps PAMPAN.

Fig. 3. Chromatogram of the solution from the Artemisia princeps
PAMPAN by a preparative column (mobile phase: water/
acetonitrile/TFA=50/50/0.5 vol%, injection volume 20µL,
flow rate: 1.0 mL/min).
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polar and non-polar materials. There are two hydroxyl groups on

eupatilin (Fig. 1), which means that ethanol can be used for extrac-

tion.

The resulting solution was further partitioned with n-hexane, chlo-

roform and ethyl acetate, successively (Fig. 2). Hexane and chloro-

form was used to exclude the various chloroplasts, dietary fiber,

protein, mineral and various vitamins, etc. This would help to sepa-

rate the eupatilin from the other unnecessary materials. The parti-

tioned ethyl acetate layer included more eupatilin than the other layer.

The partition process is schematically listed in Fig. 2. The samples

were analyzed from the ethyl acetate extracts.

First, by the preparative column, peak #1 was collected as shown

in Fig. 3; then it was further divided by the two peaks, peak #2 and

#3 by analytical column as shown in Fig. 4. The peak #2 was iden-

tified as eupatilin by LC-CE-MS.

2. Analytical HPLC

A solution of the ethyl acetate layer was injected into the prepara-

tive column, and the solution from peak #1 in Fig. 3 was collected.

The retention time of peak #1 was measured as 9.6 min. The solu-

tion collected from peak #1 was injected into the analytical col-

umn, so the two solutions were then collected from the two base-

line-separated peaks, peak #2 and peak #3 in Fig. 4. The retention

times of peaks #2 and #3 were 8.6 and 10.5 min, respectively.

3. Qualitative Analysis

The qualitative analysis of the solution collected from peak #2

by LC-CE-MS is shown in Figs. 5 and 6. When the ratio of TFA is

above 0.05%, it would do damage to the LC-CE-MS instrument.

So 0.05% TFA in the mobile phase was recommended. Under this

condition, the retention time of the solution from peak #2 was 7.582

min. The reduction of retention time from 8.6 to 7.582 is attributed

to the decreased proportion of TFA. The molecular weight of the

solution from the peak #2 was 346.1 (Fig. 6). This is because the

natural molecular weight equals to the measurement value minus

1, namely the molecular weight of the substance from peak #2 was

345.1. Considering the molecular weight of eupatilin was 344.3,

this implies that the collected solution from peak #2 was found as

eupatilin.

4. Recycling Preparative HPLC

From the above analysis, it can be seen that eupatilin was the main

compound of peak #1. Therefore, the solution collected from peak

#1 was injected into the recycling preparative HPLC column. In

analytical chromatography, the solvent from the pump and the in-

jected sample from the manual injector were mixed together, and

the useful component was fractioned and detected by a detector be-

fore discharge from a column. However, recycling preparative HPLC

has a recycling system with an auto recycler that recycles the un-

separated sample. Because it uses a larger column than analytical

chromatography, the recycling preparative system could be used

for larger quantity and higher purity separating work. In this study,

a preparative column of JAI GS310A was used. It can be seen that

the column includes the advantages of GPC, GFC and RP-HPLC.

When the compounds collected from peak #1 went through recy-

cling preparation HPLC, the two compounds of peak #4 and peak

#5 were obtained. Recycling peak #5 two times enabled the resolu-

tion of peak #5-1 and peak #5-2 from peak #5 as shown in Fig. 7.

Fig. 4. Chromatogram of the peak #1 in Fig. 3 by the analytical
column (the same experimental condition as in Fig. 3).

Fig. 5. Chromatogram of eupatilin from peak #2 in Fig. 4 (mobile
phase: water/acetonitrile/TFA=50/50/0.05 (vol%), injection
volume 20 µL, flow rate: 1.0 mL/min).

Fig. 6. Mass spectrum of peak #2 in Fig. 4 (the same experimental
condition as in Fig. 5).



282 Y.-W. Lee et al.

March, 2006

The collected components from peak #5-1 and #5-2 were injected

into the analytical HPLC. Then the resulting component from the

peak #5-2 was indicated as eupatilin based on the retention time.

The retention time equals the retention time of eupatilin at the same

flow rate. It is concluded that the collected component from peak

#5-2 was eupatilin. This indicates that the purity of eupatilin from

Artemisia princeps PAMPAN was almost 100% by recycling pre-

parative HPLC.

CONCLUSION

Eupatilin was extracted from Artemisia princeps PAMPAN by

using 100% ethanol with ultrasonification at 20 oC for 30 min; then

the resulting solution was further partitioned with n-hexane, chlo-

roform, and ethyl acetate, successfully. The solution of ethyl acetate

layer was injected into the preparative column followed by analyti-

cal column, and the effluents collected from the column were iden-

tified by LC-CE-MS. The solution containing eupatilin was injected

into the recycling preparative HPLC and eupatilin was obtained after

recycling twice. The purity of the eupatilin extracted from Artemi-

sia princeps PAMPAN was almost 100%.

ACKNOWLEDGEMENT

The authors are grateful for the financial support of the Center

for Advanced Bioseparation Technology, Inha University.

REFERENCES

Ahn, B. O., Ryu, B. K., Ko, J. I., Oh, T. Y., Kim, S. H., Kim, W. B., Yang,

J., Lee, E. B. and Hahm, K. B., “Beneficial effect of DA-9601, an

extract of Artemisia herba, on animals models of inflammatory bowel

disease,” J. Appl. Pharmacol., 5, 165 (1997).

Choi, Y. J., Han, S. K., Chung, S. T. and Row, K. H., “Chromatographic

separation of bupivacaine racemate by mathematical model with com-

petitive Langmuir isotherm,” Korean J. Chem. Eng., 21, 829 (2004).

Hahm, K. B., Kim, J. H., You, B. M., Kim, Y. S., Cho, S. W., Yim, H.,

Ahn, B. O. and Kim, W. B., “Induction of apoptosis with an extract

of Artemisia asiatica attenuates the severity of cerulein-induced pan-

creatitis in rats,” Pancreas, 17, 153 (1998).

Hong, S. P. and Row, K. H., “Separation of Acnthoside-D in Acantho-

panax Senticosus by preparative recycling chromatography,” HWA-

HAK KONGHAK, 40, 488 (2002).

Kim, S. H., Kim, S. H., Lee, S. D., Kim, W. B., Lee, M. G. and Kim,

N. D., “Determination of a new antiulcer agent, eupatilin, in rat plas-

ma, bile, urine, and liver homogenate by high performance liquid

chromatography,” Res. Comm. Mole. Path. and Pharm., 97, 165

(1997).

Koshihara, Y., Neichi, T., Murota, S., Lao, A., Fujimoto, Y. and Tatsuno,

T., “Selective inhibition of 5-lipoxygenase by natural compounds

isolated from Chinese plants, Artemisia rubripes Nakai,” FEBS Let-

ters, 158, 41 (1983).

Lee, S. J., “Studies on the identification of Korean traditional folk med-

icine,” Kor. J. Raw Med., 6, 75 (1975).

Lee, S. J., Oh, T. Y., Ahn, B. O., Cho, H., Kim, W. B., Kim, Y. B., Surh,

Y. J. and Hahm, K. B., “Involvement of oxidative stress in experi-

mentally induced reflux esophagitis and Barrett’sesophagus: clue for

chemoprotection by antioxidant treatment,” Mutat. Res., in press.

Lee, Y. W., So, M. S., Lee, J. W., Chung, S. T. and Row, K. H., “Reten-

tion models of capacity factor with different compositions of organic

modifier in RP-HPLC,” Korean J. Chem. Eng., 13, 578 (1996).

Oh, T. Y., Ryu, B. K., Ko, J. I., Ahn, B. O., Kim, S. H., Kim, W. B., Lee,

E. B., Jin, J. H. and Hahm, K. B., “Protective effect of DA-9601, an

extract of Artemisia herba, against naproxen-induced gastric dam-

age in arthritis rats,” Pharmcol. Res., 20, 414 (1997).

Seo, H. J., Park, K. K. and Surh, Y. J., “Suppression of mouse skin tumor

promotion and induction of apoptosis in HL-60 cells by Artemisia

asiatica (Asteraceae),” Programs and Abstracts of the 2nd Interna-

tional Conference on Food Factors, 161, 12 (1999).

Seo, H. J. and Surh, Y. J., “Eupatilin, a pharmacologically active fla-

vone derived from Artemisa plants, induces apoptosis in human pro-

myelocytic leukemia cells,” Mutation Res., 496, 191 (2001).

Fig. 7. Chromatogram of eupatilin by recycling preparative HPLC
(mobile phase: water/acetonitrile/TFA=50/50/0.5 (vol%), in-
jection volume 2 mL, flow rate: 1.5 mL/min).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.49667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


